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Statement of Problem Studied

The aim of this project was to develop theoretical methods to take advantage of optically dark
atomic states for quantum information processing. One focus was on establishing the relationship
between such atomic dark states and decoherence-free subspaces, and providing a systematic route
to the former. Another focus was on developing ways to manipulate such dark states for quantum
logic and related processing. The third focus was to develop a quantum wave function approach for
simulation of coupled qubits.

Summary of Significant Results

1. Establishment of a systematic theory for atomic dark states in terms of decoherence-free
subspace theory. This allows a simple and systematic approach to determine the existence of,
to search for, and to identify dark states in atomic systems.

2. Development of procedure for one-qubit operations on atomic dark states within finite time
pulses.

3. ldentification of new N-atom dark states that can be manipulated by adiabatic rampling
schemes to allow deterministic production of N-photon Fock states from an N-atom/cavity
system.

4. Development of efficient quantum wave function approach for simulation of coupled qubit
arrays and implementation in algorithmic fidelity study of 9 coupled qubits with a 3-qubit
encoding.
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